The three main methods available in the literature for lanthanide-induced shift (LIS) structural analysis of a series of lanthanide(III) complexes in solution are applied to the data available for a complete series of paramagnetic lanthanide cryptate complexes of a Schiff 31 base axial macrobicyclic ligand L, [LnL] . The macrobicycle contracts its cavity as a result of the lanthanide contraction, while preserving the same overall structure in solution. This causes breaks in the LIS plots for all the three methods used. A combined analysis 0 2 of the data allows to conclude that those breaks reflect abrupt changes of the crystal field parameter A kr l and the hyperfine constants F 2 i of the lanthanides in the middle of the series, but not of the structure of the complex in solution.
Introduction
teristic of a given Ln , A kr l is a ligand field coefficient The binding of a ligand to a paramagnetic Ln ion geometric functions of the ligand nucleus, where (r, u, f) generally results in large NMR frequency shifts at the are the polar coordinates of the ligand nucleus in the ligand nuclei [1] , with magnitudes and signs depending principal magnetic axis frame of the complex with the 31 31 critically on both the nature of the Ln ion and the Ln ion at the origin. location of the nucleus relative to the metal center. These Because only the dipolar term contains the geometric lanthanide-induced shifts (LIS) are very sensitive to strucinformation about the lanthanide complex, a quantitative tural changes, allowing many chemical, biophysical and structural analysis requires a reliable separation of the biomedical applications of lanthanide complexes [1] [2] [3] [4] .
observed shift into the contact and dipolar terms. Empirical For each nucleus a, the observed shift, D , is generally a separation methods have been proposed [1, 7] , which rely contributions [5, 6] . For the case of effective axial magnetic complexes, and are based on a variety of assumptions. The symmetry of the complexes, it can be written as: most frequently used graphical separation method [7] , is based on rearrangements of Eq. (1) for each nucleus a in Since the ionic radii of the Ln ions decrease across the series from 1.36 to 1.17 A, these deviations may arise from drastic or minor structural changes of the complexes [1] . However, they could also be due to other reasons, such as ligand. Thus, the weakness of this method is that it separately analyses data for one nucleus and depends on to the theoretical kS l and D values, and is also intwo parameters.
dependent of the crystal field parameter A kr l. In order to better understand the origin of the breaks 2 In this work, these three main methods are applied to often observed, following previous work [9] , we recently analyse LIS data available [10] for a complete series of proposed [10] a new method of LIS data analysis followparamagnetic lanthanide cryptate complexes of a Schiff ing Eq. (4): We also recently proposed [11] a new method to check follow a single linear correlation but rather divide into two 31 the isostructurality for a series of Ln complexes, which subgroups (Ln5Ce-Eu and Ln5Tb-Yb) with a break is independent of the theoretical kS l and D values, as well z located near the middle of the lanthanide series, as as the crystal field parameter. It is solely based on the illustrated in Fig. 2 for the H protons. These plots for the The same sets of LIS data for protons of these lantha-S R )/(S 2R ) in which S 5F /F S 5F /F , parallel as typically shown in Fig. 3 for the H and H are invariant along the lanthanide series. The simplicity of 1 3 protons. The values of R and of (F 2R F ), obtained by Eq. (5) makes it very easy to analyse the isostructurality of ab a ab b fitting the experimental LIS data according to Eq. (4), are a well-defined series of lanthanide complexes [11] . It in good agreement with those calculated from the values of utilizes exclusively the experimental shift data to test for 0 2 A kr lG and F using the previous method ( Table 1) . The the invariance of the structure-dependent parameters F and 
